J Occup Environ Med by Cabasag, Citadel J. et al.
A Validation Method to Determine Missing Years of Birth in a 
Cohort Study of Shipyard Workers Using Social Security Number
Citadel J. Cabasag, M.S.,
University of California, Irvine
Argyrios Ziogas, Ph.D.,
University of California, Irvine
Merna Shehata, B.S., and
University of California, Irvine
Hoda Anton-Culver, Ph.D.
University of California, Irvine
Occupational cohorts are especially useful for etiologic studies when employment records, 
union records, and work-related exposure records are available. The objective of this study is 
to examine the relationship between occupational exposures and disease outcomes 
associated with employment in a shipyard cohort. Employment records used to construct 
historical occupational cohorts are not always compiled for the purpose of utilizing these 
data in epidemiological studies. A study to assess the effect of completeness of data may 
thus be necessary. Methods used to address the problems associated with incomplete data in 
historical occupational cohorts includes linkage with public records and databases, such as 
motor vehicle records, phone records, cancer registries, and state death files.1 
Methodological issues to compare the effect of the missing observations to the non-missing 
observations of a given variable have been previously studied including methods to impute 
missing data.2–4 In this paper, we present findings on a large historical occupational cohort 
of naval shipyard workers where we imputed dates of birth and evaluated a method to 
predict missing birth year and age variable based on Social Security Numbers (SSN).5
Starting in 1936 workers in most occupations were required to have SSNs when entering the 
workforce.6 The method developed by Block, et al. (1983) predicts the year of birth of 
workers using information from these SSNs. Multiple studies have applied this prediction 
method to estimate missing age.7–11 The method has also been utilized to help impute 
nativity and year of immigration to the United States when this information is 
unknown.12–33 Block et al. assessed the application of the method using the Florida 
phosphate workers employed between 1950 and 1979. Johnson et al. (1986) also performed 
a validation study with 1,000 meat-cutter union members prior to applying Block’s method 
to members with missing age in their cohort.10, 11 Although Block’s method has been used 
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in several study populations, a validation study using a large retrospective cohort has not yet 
been performed.
We applied the method developed by Block et al. to predict the years of birth of workers in 
the Long Beach Naval Shipyard (LBNS) cohort to evaluate the feasibility and external 
validity of this prediction method. To our knowledge, this is the first study to examine the 
generalizability of Block’s method for predicting the years of birth using a large 
occupational retrospective cohort. Following our examination of the external validity 




Our study included a sample of a large LBNS cohort, which was previously studied by 
Anton-Culver et al.34, 35 The LBNS employed over 41,000 workers at the shipyard between 
1942 and 1997. In the current study, all available employment rosters were utilized, which 
contained 13,924 shipyard workers employed between 1978 and 1985. The 13,924 were 
included in the current study because of the availability of their data in the shipyard records 
and we were granted access to their specific jobs and shops through the LBNS employment 
rosters. We will refer to this group of LBNS workers as the LBNS-Validation Cohort 
(LBNS-VC). The data of the LBNS-VC included last name, first name/initial, SSN, shop 
number and job title, as well as other occupational data. The information on the cohort was 
derived from both the LBNS employment roster and the LBNS employment cards. Linkage 
to both the California cancer registry and death statistics master files up to 2013 were carried 
out on the LBNS-VC to obtain additional information such as year of cancer diagnosis, type 
of cancer, year of death, and cause of death.
Of the 13,924 workers in the LBNS-VC, 6,980 (50.1%) had known years of birth through 
the original shipyard personnel data, and from the results of the linkage to the California 
cancer registry and death files. Meanwhile, 6,944 workers did not have data on age or year 
of birth but had data on their SSN. In order to study the health effects associated with 
occupational exposures at the shipyard, it was necessary to obtain, as complete as possible, 
either the age or the date of birth of the workers. In LBNS workers with missing age, prior to 
applying Block’s prediction method, we used the data from the LBNS-VC with known years 
of birth to validate Block’s method. Block’s method was modified to improve the accuracy 
before the method was used to impute the birth years of LBNS workers with missing age 
and unknown year of birth.
 Block’s prediction method to impute years of birth
The method described by Block et al. (1983) uses the SSN to predict the year of birth, which 
is structured into three different segments: geographic area number (first three-digits), group 
number (middle two-digits), and serial number (last four-digits).5, 36, 37 For each worker, the 
SSN year of issue was determined using information derived from the Social Security 
Administration. Block et al. combined data from the Social Security Administration and 
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extrapolated data to construct a matrix for SSN years of issue from 1937 to 1978. The matrix 
contains the geographic area number, the group number, and the corresponding SSN years-
of-issue. A simple calculation of the difference between the SSN year-of-issue and the age 
when SSN was issued produced the predicted year of birth.
 Validation using the 6,980 workers with known years of birth from the LBNS-VC
We used the 6,980 group of workers from the LBNS-VC with known years of birth to 
evaluate the external validity of Block’s method. Of the 6,980 workers we excluded 248 who 
were either >64 years old during the first year of the study or were hired at the age of >64 
years between 1978 and 1985. The data on the remaining 6,732 workers were used for the 
validation analysis.
We applied the method and used the SSN year-of-issue matrix (included in the publication 
by Block et al. (1983)) to the 6,732 workers, and imputed the SSN year-of-issue for 4,909 
workers. Workers whose SSN year-of-issue were not located using the matrix (n=1,823) 
were not included in the subsequent calculations for the prediction of the year of birth. The 
true year of birth was known for the 4,909 workers in this validation study. We calculated 
the predicted year of birth using the same distribution of the median age at SSN used by 
Block et al. (1983) (Table 1) and the estimated SSN year-of-issue for each of the LBNS 
worker. We also performed additional analysis using the distribution of the median age of 
SSN issuance based on the LBNS-VC population (Table 1). Pearson’s correlation coefficient 
(percent agreement) was calculated to assess the linear relationship between the predicted 
years of birth and the observed years of birth. A two-tailed P < 0.05 is considered as a 
statistically significant correlation between the predicted and the observed birth years.
The predicted years of birth of the 4,909 workers calculated using Block’s method with the 
median age distribution originally used by Block et al. had an 88.8% agreement (P < 0.0001, 
R2=0.789) with the workers’ observed years of birth, while the percent agreement using the 
median age distribution from the LBNS-VC was 89.2% (P < 0.0001, R2=0.796) (Table 2). In 
the original article, Block et al. reported an agreement of 91.0% (P < 0.0001, R2 = 0.820).
 Modification of Block’s prediction method
In order to improve Block’s method, we performed modifications on the original method. 
For our analysis, we used the median age of SSN distribution derived from the LBNS-VC. 
For the first modification (Modification I), we separated the 4,909 workers into three 
different groups based on each worker’s predicted year of birth: <1920, 1920–1930, >1930. 
An additional four years were added to the birth year of workers with predicted years of 
birth <1920, while two years were added to the group with predicted years of birth from 
1920 to 1930. These two values are the median difference (years) between the predicted and 
the observed years of birth for the corresponding groups of the LBNS-VC. No adjustments 
were added to the >1930 group.
In the second modification (Modification II), the sample was not separated instead we 
excluded 208 workers who had SSN issued in U.S. territories (SSNs with area number 580 – 
586), such as Guam, Virgin Islands, Philippines, American Samoa and Puerto Rico (Table 
3). For this modified version of Block’s method, the predicted year of birth was in 93.1% 
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agreement (P < 0.0001, R2 = 0.867) with the observed year of birth (Table 2). To assess 
whether excluding workers with SSN in U.S. territories will improve the correlations in 
Modification I, we combined Modification I and Modification II. Both modifications 
combined produced a very similar result when using Modification II alone (Pearson’s r = 
93.2%, P < 0.0001, R2 = 0.869). Overall, Modification II produced one of the highest 
percent agreements between the predicted and the observed years of birth.
 Applying the modified Block’s method to the 6,944 workers with missing years of birth
In the confirmation study for Modification II, we used the LBNS-Alumni sub-cohort which 
contained the 6,944 shipyard workers who initially had unknown years of birth and who 
were later followed-up using the AlumniFinder (Accudata Integrated Marketing, Fort Myers, 
Florida) (Figure 1). Of the 6,944 workers, 1,850 were not found using the AlumniFinder, 
while 5,094 workers were identified and information regarding their age and year of birth 
were subsequently obtained. These 5,094 workers were used to confirm our results from the 
validation study of Block’s method with Modification II in the LBNS-VC.
Workers who were >64 years old during the first year of the study or workers hired at the 
age of >64 years between 1978 and 1985 were excluded from the sample (n=5,052). Out of 
these 5,052 workers, there were 1,725 whose SSN year-of-issue could not be determined 
using the matrix produced by Block et al. As specified from Modification II, workers in the 
sample were separated according to the geographic location where the SSN was issued. This 
yielded 3,094 workers who had U.S. state-issued SSNs and 233 workers who had U.S. 
territories-issued SSNs (Table 3). To assess Block’s method with Modification II, the 
predicted years of birth were calculated in workers who had both estimated SSN years-of-
issue and SSNs that were issued from U.S. states (n=3,094). All data analyses in this study 
were generated using SAS software, version 9.3 (SAS Institute, Inc., Cary, North Carolina).
 Data Safeguards
This study was approved by the Institutional Review Board of the University of California, 
Irvine (HS # 2013-9428). The data are stored in protected file servers managed by the 
Security Team of the University of California, Irvine Health Affairs Information Services. 
All data analyses were performed using secure and protected workstations within the 
Department of Epidemiology facility and managed by the University of California, Irvine 
Health Affairs Information Systems. Access to the data is restricted to study personnel only.
 RESULTS
 Validation analysis of Block’s method with modifications using LBNS-VC
Results from the modifications applied to Block’s method are shown in Table 2. The percent 
agreement between the predicted years of birth and the workers’ observed years of birth in 
the LBNS-VC for Modification I was similar to the result using Block’s method without 
modifications (Pearson’s r = 89.1%, P < 0.0001, R2 = 0.796 vs. Pearson’s r = 89.2%, P < 
0.0001, R2 = 0.793). The percent agreement in Modification II (Pearson’s r = 93.1%, P < 
0.0001, R2 = 0.867) was higher than the percent agreement using the unmodified Block’s 
method. As consistently observed in both plots (Figure 2A & 2B), the prediction method is 
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highly variable in workers born prior to 1940, whereas the variability around the prediction 
line becomes smaller in workers born after 1940. We also observed a cluster of outliers 
above the prediction line (Figure 2A), which was not present in the plot for Modification II 
(Figure 2B). In addition, the relationship between the predicted and observed years of birth 
contained empty spaces in the x-axis during the early 1920s and 1930s. This result indicates 
that the method was unable to predict the birth years of individuals born in those years.5 The 
cross tabulation of the SSN year-of-issue and the median year of birth is not a smooth 
continuous line, which caused the observed pattern.5
We examined the accuracy of Block’s method with Modification II by analyzing the 
difference in the number of years between the predicted and observed years of birth grouped 
by the years of SSN issuance based on the type of Social Security Administration 
documentation/form utilized for the SSN year-of-issue (Table 4). The method accurately 
predicted the birth years for 916 (19.0%) workers. More than half of the workers (n=2,415) 
had 1–2 years difference between the predicted and observed years of birth. The majority of 
the workers in both groups had their SSN issued after 1950. An opposite trend from the 
previous groups was observed in workers with 3–5 years difference between the predicted 
and observed years of birth. The majority of the workers in this group had SSN issued prior 
to 1948. Lastly, there were 460 (9.80%) workers out of 4,701 with >5 years difference 
between the predicted and observed years of birth.
 Analysis to confirm modification of Block’s method in a second subset of LBNS workers
In the LBNS-Alumni sub-cohort, the predicted years of birth using Block’s method with 
Modification II was in 92.6% agreement (P < 0.0001, R2 = 0.857) with the workers’ 
observed years of birth (Table 2). Block’s method with the modification had a higher percent 
agreement compared to the unmodified method (Pearson’s r =89.1%, P < 0.0001, R2 = 
0.794).
 DISCUSSIONS
Our results show that the age prediction method we describe in this paper yielded superior 
results than the original method by Block et al. (1983). Our data show that the correlation 
between the predicted and observed years of birth increased when workers with U.S. 
territory-issued SSN are removed from the analysis. Block et al. showed that Railroad Board 
SSNs were highly inaccurate in predicting the year of births. However, they did not examine 
the accuracy of U.S. territory-issued SSNs. In our validation study, 4.20% of the workers in 
the LBNS-VC have a U.S. territory-issued SSNs. The majority of the U.S. territory-issued 
SSNs produced incorrect predicted years of birth values, and more than half had predicted 
years of birth with >5-years difference from the true value.
Overall, the accuracy in estimating the years of birth in our validation study was worse for 
older workers relative to younger workers. One source of error originates from the method, 
which uses the matrix (see Method section above) to determine the SSN year-of-issue for 
each worker. Another source of error is due to the inaccurate age estimates when the SSN 
was issued.5 The age at which individuals obtained their SSN varied widely in the first few 
years of the Social Security Administration.37 After the majority of the U.S. workforce 
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obtained their SSNs, the typical age at which SSN is obtained became less variable.6, 38 
Although the distribution of SSN age-of-issue in the population is generally more 
predictable several years after the introduction of the SSN program, discrepancies existed in 
certain subgroups, such as adult immigrants entering the workforce.
The matrix described by Block et al. did not include SSNs obtained after 1978 and therefore 
the information in the matrix may also not accurately characterize younger workers who 
most likely have obtained their SSN in later years of the program. Finally, in 1991 the 
majority of U.S. states allowed the parent of a newborn to request an SSN as part of the 
state’s birth registration process.37 In addition, in June 2011 the Social Security 
Administration changed the method of assigning SSN numbers reffered to as 
“randomization.”39 Thus, the ability of Block’s method to accurately predict the year of 
birth is limited to the SSN year-of-issuance.
The large population used in our validation study represents multiple groups of workers in 
variety of occupations at the shipyard. Although the majority of the LBNS employees were 
blue-collar workers, a portion of the cohort held professional degrees, which were mostly in 
engineering and architecture. Our study addresses the concern of the applicability of the 
prediction method to other populations including professional groups. We also performed 
subsequent analysis using “AlumniFinder” methodology to verify the results from the 
LBNS-VC. The result from this analysis is consistent with the initial findings (Table 2).
In conclusion, this study and other similar prediction methods are valuable in 
epidemiological studies where important data elements are missing such as age while SSN is 
more complete. It can be useful to researchers in the calculation of age-specific incidence 
and mortality rates. The method presented here was applied to occupational cohorts who are 
primarily white male workers. Future applications in non-occupational populations as well 
as in predominantly female populations are warranted to determine if this method is equally 
applicable in other populations.
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Outline of the Long Beach Naval Shipyard cohort (1978–1985) validation study of Block’s 
method to predict years of birth using Social Security Numbers. LBNS, Long Beach Naval 
Shipyard; RRB, Railroad Board; SSN, Social Security Number.
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Relationships between predicted and observed years of birth in LBNS-VC workers (n = 
6,980). A) unmodified Block’s method, B) Block’s method with modification II. Arrow is 
cluster of workers with U.S. territories-issued SSN
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Table 1
Distribution of the Social Secuirty Number Median Age of Issue
Year obtained
SSN
Median age used by










Abbreviations: LBNS-VC, Long Beach Naval Shipyard validation cohort; SSN, Social Security Number.
a
Source: Block G, Matanoski GM, Seltser RS. A method for estimating year of birth using social security number. Am J Epidemiol 1983;118(3):
377–95.
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Table 3
U.S. Territories- and States-issued Social Security Number in the Long Beach Naval Shipyard Cohorts, 1978–
1985









Abbreviations: LBNS, Long Beach Naval Shipyard; LBNS-VC, Long Beach Naval Shipyard validation cohort; SSN, Social Security Number.
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